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EXECUTIVE SUMMARY
The Bank Erosion Study was designed to evaluate eroding fast land bank
shorelines as contributors of sand, silt and clay and total nitrogen and total
phosphorous introduced into the Chesapeake Bay estuarine system. In addition,
the extent and effectiveness of erosion control measures were evaluated for
selected shoreline reaches. Fastland banks are the uplands along the
shorelines that are composed of semi-consolidated sediments.
This study evaluates about 2000 miles of primary tidal shoreline in the
Virginia portion of the Chesapeake Bay estuarine system for areas of fast land
bank erosion. Primary tidal shorelines are those along the main stem of the
Chesapeake Bay and the major tributary estuaries. Approximately 383 miles of
shoreline comprising 208 shore reaches are included in. the final analysis.
These reaches are responsible for 61% of the annual historic sediment volume
loading from tidal shoreline erosion.
Sediments for selected representative shore reaches were sampled and
analyzed for sand, silt, and clay. Volumetric rates of sediment loading for
the study shorelines were determined from historical data. Also, the
condition of the shorelines were evaluated by analyzing oblique aerial imagery
for 1985 and 1990. From the imagery analysis the extent of defensive
shoreline structures (i.e. bulkheads, seawall and revetments) and whether the
bank was stable or not was determined.
Sediment volume loading was considered to be halted where defensive
shoreline structures were installed. There was an increase in shoreline
defenses of 18% by 1990. This resulted in an annual reduction of sediment
loading by 5%.
Total nitrogen and total phosphorous loading from eroding fast land bank
sediments have been determined to be significant. This study utilized the
results of Ibison et al., 1990 which provided average nutrient loading rates
for total nitrogen and total phosphorous from eroded fastland bank sediments.
The consequent estimated annual reduction in nutrient loading by defended
shorelines for 1990 is about 5% for total nitrogen and total phosphorous.
Nineteen reaches have been identified as significant contributors of
eroding bank sediments and will require further assessment as to the impacts
of nutrient loading.
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I. Introduction
The Bank Erosion study was designed to evaluate eroding fastland bank
shorelines as contributors of sand, silt and clay and total nitrogen and
phosphorous introduced into the Chesapeake Bay estuarine system. In addition,
the extent and effectiveness of erosion control measures were evaluated for
selected shoreline reaches. Fastland banks are the uplands along the
shorelines that are composed of sediments. The fast land banks along the
primary tidal shorelines of Virginia are the focus of this study.
During the past decade there has been an increase in the rate of
development of the shorelines of the Chesapeake Bay estuarine system. With
this increase, the cumulative impacts of man's activities (e.g. nutrient
loading) has begun to exceed the carrying capacity of the bay and its
tributary rivers and creeks. The shore zone ecosystem is, in many respects,
resilient. However, it is also very responsive to small changes in the
processes that act upon it. The dynamic nature of the system allows it to
function in its natural state as an effective buffer between marine processes
and the adjacent upland. Changes in shoreline position and resulting
contributions to the Bay-wide sediment budget are to be expected as shorelines
are "hardened" against erosive wave forces.
Tidal shorelines of the Chesapeake Bay estuarine system are an important
resource; The land, water, and air interface defines the wetted perimeter
where land use has sometimes taken on an adversarial role toward water quality
and marine resources since Colonial times. With the. rise and fall of each
tide, wave action from storms, and runoff from precipitation, the shoreline is
in a state of constant change. The most active changes occur where wave
action is most intense. Shoreline erosion and accretion are the result of
wave activity and are a function of the local wave climate. Some of the
highest rates of erosion occur along the main stem of the Chesapeake Bay
because the fetch exposures are the greatest. Fetch is defined as the
distance over water that waves can be generated by wind.
It is important to understand that the long term driving process that
affects the shore zone is the slow rise in sea level. However, sea level rise
plays only a permissive role in coastal erosion, not a causative one (Davis ec
al., 1973). The action of short-term processes (waves, tide action, storms
surge, groundwater effects) therefore can be regarded as the smaller scale
agents affecting the larger scale trend (Rosen, 1976).
This study evaluates about 2000 miles of primary tidal shoreline in the
Virginia portion of the Chesapeake Bay estuarine system for areas of fast1and
bank erosion. Primary tidal shorelines are those along the main stem of the
Chesapeake Bay and the major tributary estuaries. Approximately 383 miles of
shoreline comprising 208 shore reaches are included in the final analysis.
The shorelines were assessed on a reach basis. A reach is defined as a
segment of shoreline wherein the erosion processes and responses are mutually
interactive (Byrne ec al., 1978). The reaches involved in the final analysis
are exposed to moderate to high fetches of 1 to 20 miles.
Recent studies have found significant levels of nutrients (nitrogen and
phosphorous) in eroding bank sediments (Ibison ec al., 1990; Ibison ec al.,
1992). The contribution of nutrients from this non-point source was
1
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previously not considered in the overall bay water quality assessment. Water
quality was one of the key priorities identified in the 1987 Chesapeake Bay
Agreement that involved a joint commitment by Virginia, Maryland, Pennsylvania
and the District of Colombia to improve the condition of the Bay.
. A 40% nutrient reduction goal by the year 2000 had been set by the
states in the Chesapeake Bay watershed. Since nutrient sources from shoreline
erosion have been identified, their prevention from entering the bay waters
has been targeted for this study. Shoreline erosion structures installed
between 1985 and 1990 have reduced sediment loading by about 5%. This
reduction could be considered as a credit toward the 40% reduction.
II. Studv Obiectives
1. To estimate non-point source loadings of total nitrogen and
phosphorous from selected fastland shore reaches along the main
tributaries and bay stem of the Virginia portion of the Chesapeake
Bay using average loading rates from Ibison et al. (1992).
2. To evaluate for selected reaches the extent of shoreline erosion
control structures and the fastland bank status (i.e. eroding or
stable).
3. To determine the reduction in sediment load and consequently
nutrient loading from shorelines defended between 1985 and 1990
for select reaches.
4. To produce a series of overlay maps showing shoreline status and
landuse for 1985 and 1990 keyed to specific shore reaches.
III. Sediment Erosion Processes and Nutrient Loadina
It is the sediments derived from fastland bank erosion which have become
the focus of recent study (Figure 1). Fastland bank erosion has been
occurring for the past several hundred years and the marine resources have not
been imperiled by sedimentation except .during catastrophic events such as
hurricanes and severe northeasters. It has been the clearing of land through
time for agriculture, applications of fertilizer and subsequent storm water .
runoff which have caused added "silting" and nutrient loading into bay waters.
Nutrients and nutrient laden sediments are transpdrted by runoff from farm
fields and residential lawns, by groundwater infiltration through the soil and
by fastland bank erosion caused by wave action. These are considered non-
point sources of estuarine pollution and are difficult to accurately quantify
and control.
Groundwater infiltration is the process by which nutrients are carried
through the soil and into other subsurface materials. Nutrients become
concentrated in different strata depending on sediment porosity and
composition. It is believed that groundwater alone provides about 30% of the
total input of nitrogen into the Chesapeake Bay (Libelo et al., 1990).
Controlling groundwater as a non-point source probably is best done at the
surface where proper nutrient management reduces the possibility of excess
nutrient loss.
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Sediment and nutrient loading by upland runoff has been well documented
(Heinle e~ al., 1980; D'elia, 1982; Neilson, 1976) and perhaps the easiest
non-point process to evaluate and control. Appropriate best manag~ent
practices include vegetative filter strips, detention ponds and forested
buffer zones. The forested buffer zone is very effective in reducing nutrient
loading by surface runoff and shallow groundwater movement (peterjohn and
Correll, 1984; Lowrance e~ al., 1984; Jacobs and Gilliam, 1985; Hershner,
1987).
Sediment and nutrient loading from shoreline erosion is quantifiable
(Ibison e~ al., 1990) but often expensive to control adequately. Bulkheads
and riprap revetments are traditional methods to abate this non-point source
of pollution. The use of beach fill and planted marshes in conjunction with
offshore breakwaters has become an effective method to abate shoreline erosion
as well as create wetlands habitat and to provide an additional filter to
address surface runoff (Hardaway e~ al., 1991a).
IV. Previous Shoreline Studies
The first extensive research on shoreline erosion in the Virginia
portion of the Chesapeake Bay was done by the Virginia Institute of Marine
Science (VIMS). From 1975 to 1979, VIMS produced a series of Shoreline
Situation Reports for 34 counties and cities in the coastal plain of Virginia
(Figure 2). These reports contained information on shore types, land use and
ownership and the severity of shoreline erosion. The shoreline condition of
each locality was documented by low-level, oblique aerial photography. This
record is archived in 35 mmcolor slide format.
Byrne and Anderson (1978) produced a report entitled Shoreline Erosion
in Tidewa~er Virginia which pro~ided detailed erosion rates and volumes of
land loss for almost 3000 miles of shoreline in the Commonwealth. The
historic volumes of sediment eroded as determined in that report are still
used today and are the basis of rates of change for this and other studies.
Rosen (1976) states there is a high degree of site-specificity in the
coastal environment of the Virginia Chesapeake Bay. The variability is
influenced by (1) the relict Pleistocene high-order dendritic drainage system,
(2) the moderate but highly variable wave climate, (3) eroding fastland
exposures of sediments of widely varying composition and volume, and (4) salt
marsh development.
Miller (1983) found that shore erosion accounted for 6% to 9% of the
estimated average suspended load in the tidal Potomac of Water Years 1979
through 1981, and for 11% to 18% of the suspended load delivered to the
estuary. Shore erosion may have been relatively more important as a sediment
source prior to historical land clearance, when annual sediment loads from
upland sources were lower than they are today.
Hardaway e~ ale (1985) made an update to the 1970's Shoreline situation
Reports done by VIMS. This project involved taking low-level aerial
photography with a video camera. The imagery was then compared to the 1970's
slide record to evaluate semi-quantitatively shoreline and land use changes.
This data analysis was then stored in a Scientific Information Retrieval (SIR)
database and now resides in Arc/Info format in the VIMS Comprehensive Coastal
Inventory (CCl).
4
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Figure 2. Virginia's coastal counties and cities.
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Hardaway et ale (1991a), in a report entitled Chesapeake Bay Shoreline
Study: Headland Breakwaters and Pocket Beaches for Shoreline Erosion Control,
developed an assessment of the wave climatology for the fetch limited
shorelines of the Chesapeake Bay and its tributary estuaries. There are three
basic wave energy regimes defined as "low « 1 mile average fetch), medium(1-5
miles average fetch), and high (> 5 miles average fetch). The shorelines in
that study were exposed to either medium or high wave energy. As an example
Table 1 shows typical wave conditions for medium energy shorelines as defined
by Hardaway et ale (1991a).
V. Methods
Imagery Comparison
The 1985 shoreline update (Hardaway et al., 1985) provided the baseline
data for the Bank Erosion Study. The 1985 oblique aerial video imagery was
compared to newly acquired oblique aerial video imagery (1990) in order to
evaluate shoreline changes in land use and the extent and type of shoreline
erosion control measures (i.e. bulkheads, revetments, and groins). The
comparison was done by viewing the two sets of imagery concurrently and
designating land use and shore conditions on mylar topographic quadrangles
with colored markers. The shoreline reach designations from Byrne and
Anderson (1978) were used so that the historic erosion rates could be used.
The mylar topos are the first index of the current shoreline situation
evaluation. The reach numbers of Byrne and Anderson (1978) are unique to the
river and bay subsystems.
A list of codes wa~ developed for shoreline and land use/ownership
parameters. These 'were color-coded onto the mylar topos as the videos were
analyzed. This was done for the 1985 and 1990 shorelines. The color-coded
shorelines were then digitized and stored in the Arc/Info format. The length
and type of shoreline structure, as well as the land use and ownership within
each reach are identified on 65 topographic quadrangles for the coastal plain
of Virginia (Figure 3).
6
Table 1. Seasonal and Storm Wave Climate for Medium Energy Shorelines in
Chesapeake Bay.
Wind Breaking
Water Level Speed Range Wave Height Wave Period Wave Length
mph ft see ft
Between MHW
and MLW 10-20 0.4-0.8 1.2-1.8 12-20
1 foot above
MHW 15-25 0.8-1. 4 1.8-2.2 20-35
2 feet above
MHW 20-40 1. 5-2.0 2.0-3.0 35-45
---
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Figure 3. Index of 6S topographic quadrangles.
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The digitized shore reaches were slightly different in length than those
from Byrne and Anderson (1978). Therefore, adjustments were made to adjust
volume changes to the different reach lengths. This was done by reducing the
volumes of eroded sediment to cubic yards per foot per year (cy/ft/yr) and
then multiplying by the difference (+ or -) in the digitized reach length
(this study) and the measured reach length of Byrne and Anderson (1978). The
difference was generally on the order of 2' of shoreline analyzed.
Arc/Info (ESRI, 1991) is a GIS (Geographic Information System) used by
the VIMS CCI. The data digitized from the mylar topos and the associated
parameters (attributes) were entered into the Arc/Info database. From this,
maps were produced that plotted the position of the parameters, both shoreline
and land use, in relation to the shoreline reaches. Sixty five (65) maps were
printed at 1:24,000. Figure 4 is an example of the data from the Achilles
Quadrangle for the 1985 analysis.
The shorelines covered in this report are the reaches along the main
estuaries and the bay stem. The smaller rivers and creeks were not evaluated.
The reaches analyzed in the final iteration are the fastland banks where land
use might influence nutrient loading in the stratigraphic column. The
contribution of sediment by shoreline erosion is much more significant along
the fastland banks of the primary tidal shorelines of the Commonwealth.
Therefore, spits, beach/dune and marsh shorelines were not evaluated for the
final iteration.
The selected reaches were then evaluated in terms of the occurrence,
length, and type of shore structures for 1985 and 1990 and whether there were
segments that were naturally stable. The reduction in sediment volume and
nutrient loads were based on the linear footage of shoreline that was defended
from 1985 to 1990.
Defended shorelines include those with bulkheads, seawalls, or riprap
revetments or any combination of the two and may include groins. Groin fields
alone were given a separate category. The assumption is that defended
shorelines effectively prevent sediment from eroding into the Bay system.
However, groins alone have a very wide range of effectiveness and in many
cases do not stop bank erosion during periods of intense storm activity.
Naturally occurring stable banks are considered ephemeral situations.
There are nine subsystems defined by Byrne and Anderson in their 1978
study:
1. Potomac River
2. Rappahannock River
3. York River
4. James River
5. Western Shore
6. Eastern Shore
7. South Shore
8. Piankatank River
9. NansemondRiver
Sediments
Sediment samples from selected reaches were collected from
representative fast land banks. The specific sampling location was selected to
repre~ent a particular reach or subreach of shoreline in terms of lateral or
alongshore stratigraphy.
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Figure 4. Shoreline condition, structure, and land use for Achilles topographic
quadrangle, 1985.
9
The banks selected for analysis were actively eroding where the base of
the bank was exposed so that samples could be taken along the entire subaerial
stratigraphic column. Each bank section was measured and logged as to height,
sediment structure and lithologic changes. The sediment samples taken
represented each significant change in lithology. Forty six (46) banks were
sampled and simplified stratigraphic sections were prepared for each. These
stratigraphic sections are included in section VI.
A total of 263 samples were analyzed at VIMS using standard laboratory
and statistical procedures (Folk, 1970). Percent gravel, sand, silt and clay
were. derived from the sediment analysis. A weighted mean was then calculated
for each stratigraphic unit from the corresponding sample(s). Thus, for each
bank section a simplified sand/silt/clay ratio was achieved. The complete
grain size analysis of the samples is found in Appendix A. The sediment
classification used for the descriptive purposes in the stratigraphic sections
is shown in Table 2.
The sand/silt/clay ratio for a given bank section was assumed to be the
ratio of sand, silt, and clay that is being delivered into the river by
erosion of that particular reach of shore. The volumetric contributions,
cubic yards (cy) over time, for each subsystem is based on the results of
Byrne and Anderson (1978) as previously mentioned.
Nutrient Estimates
Nutrient loading rates were estimated from the findings of Ibison et ai.
(1992). The average. loading rate for total nitrogen was determined to be 0.73
lbs/ton and the average loading rate for total phosphorous 0.48 lbs/ton.
Nutrient loading concentrations for nitrogen and phosphorous were
derived for the volume of bank sediments that were prevented from entering
each estuarine subsystem by shoreline defenses from 1985 to 1990. The loading
concentrations were calculated using the following formula modified from
Ibison et ai. (1992):
R =V x D x (N or P)
2000 lbs
where: R = Nutrient loading rate (lbs/yr)
V =Volume of eroded bank sediment (cy/yr) x 27 cf/cy
D =Bulk density (93.6 lbs/ft3), from Ibison et ai., 1990
N = Average nitrogen loading rate (0.73 lbs/ton)
P =Average phosphorous loading rate (0.48 lbs/ton)
The conversion for a ton is 2000 lbs and 27 is the conversion factor for cy to
ft3.
Since 1985 is considered the base year for this study the nutrient
loading rate would be (R) =o. The nutrient loading rate (R) for 1990 is due
10
Symbol..........::::if::::~::::~~~~~t~)i~-...........................................................................................................................................,.
~
I
Table 2. Sediment Classification Criteria.
DescriDtion
gravel and sand
sand
silty/clayey sand
sandy silt/clay
silt/clay
11
ComDosition
greater than 60% sand
with 20% or greater gravel
greater than 80% sand
less than 20% silt/clay
50% to 80% sand
20% to 50% silt/clay
50% to 80% silt/clay
20% to 50% sand
greater than 80% silt/clay
less than 20% sand
VI. Results
Bank Erosion
The shore reaches selected for the Bank Erosion Study are found within
the plates outlined in bold in Figure 5. Of the 2005 miles evaluated, 383
miles were retained for the final analysis. The South Shore, the Nansemond
River and the Piankatank River subsystems were not included. One bank sample
site along the bay end at the mouth of the Piankatank River is included in
assessing the sediment volume loading rate for the Western Shore subsystem.
The significance of eroding tidal fast land banks in terms of severity
can be measured by the historical shoreline change rate (ft/yr) as well as the
rate of the eroded volume of sediment (cy/ft/yr). However, a high erosion
rate does not necessarily imply a high rate of sediment volume eroded and visa
versa. The bank height and fetch exposures become determining factors in
shoreline erosion rates and volume of sediment eroded. For example, a 5-foot
fastland bank erodes at a rate of 4.0 ft/yr where the volume of sediment
eroded is 0.5 cy/ft/yr. A 25-foot fast land bank erodes at 2.0 ft/yr but the
volume sediment eroded is 2.0 cy/ft/yr. The volume of eroded material is the
more significant rate as far as the analysis involved in this study.
The u.S. Army Corps of Engineers (1990) has defined high eroding
shorelines as having a sediment volume loading rate greater than 2.0 cy/ft/yr.
Moderate erosion rates are 1.0 to 2.0 cy/ft/yr and low erosion conditions have
rates less than 1.0 cy/ft/yr.
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Potomac River
Thirty two (32) reaches along the Virginia side of the Potomac River
Estuary totaling 245,752 feet or about 46.5 miles (Table 3) were selected for
analysis. These reaches are along Westmoreland and Northumberland Counties
(Figures 6, 7, 8 and 9). Of this shoreline, 8,270 feet were defended between
1985 to 1990. This study assumes a structure in place for the entire 5-year
period. The corresponding reduction in nutrient loading is 112,257 lbs for
total nitrogen and 73,155 lbs for total phosphorous in 1990.
There was a decrease in the shore footage with the groins only and
stable bank status by 2,545 feet and 1,220 feet, respectively. A decrease in
the groins only status is usually due to the property owner building a
bulkhead or rock revetment shoreward of a groin field that may not have been
working satisfactorily. This trend can be further investigated by reviewing
the map series.
Bank sediments are responsible for 55' of sediment input into the tidal
Potomac estuary according to Miller (1983). The bank sample locations in this
study were close to several of Miller's sample sites and generally correspond
in terms of sediment composition (i.e. sand/silt/clay ratio) and stratigraphy. .
Changes in sediment tyPe at any given exposed shoreline bank location should
be expected as stratigraphic facies change through time as erosion proceeds.
Figures 10 and 11 show the seven banks sampled along the Potomac River,
their lithologies, location of sediment samples and weighted mean of
sand/silt/clay. Changing stratigraphic facies reflect the variations in the
geologic underpinnings along the eroding shoreline banks. Based on the seven
sample sites from this study and two sites, Nomini Cliffs (NC) and Great Point
(GP), from Ibison et 41. (1990), the weighted mean sand/silt/clay ratio for
this section of the Virginia side of the Potomac River is 54/15/31 or a
sand/mud ratio of 54/46. This corresponds well with the results Miller (1983)
obtained from analysis of the same section of the Potomac River where he had 4
sand/mud ratio of 59/41.
To assess the nature of sediment input for those reaches sampled, one
takes the weighted mean and multiplies the percentage by the cubic yardage of
the sediment loading for the 5-year period. For example, along the Potomac
River in reach number 12, 84,364 cy of sediment were prevented from eroding
and entering the bay waters. The weighted mean for the bank samples at PS-1
in reach number 12 is 58/23/19. Therefore, the distribution of sediment
volume is 48,931 cy for sand, 19,403 cy for silt and 16,029 cy for clay. This
ratio also applies to those remaining banks in the reach that continues to
erode.
In the case of the selected reaches for the Potomac River, bank heights
and wave climate are significant. Reach number 72 has the highest erosion
rate but reach number 12 has the highest rate of sediment volume eroded.
Reach number 72 has a 6-foot bank while reach number 12 has a 60-foot bank.
Reach number 72 also has a greater fetch and higher erosion rate than reach
number 12.
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Table3. Shoreline ParametersandChangesFrom1985to 1990for the PotomacRiver Subsystem.
ShorelineStatus
SedimentVolune
1985 1990 Changein ShoreStatus Re<b:edby
Reach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
Nl.IIber length Rate Height Volune DefendedOnly Banks Defended Only Banles DefendedOnly Banks 5 yr 1 yr Sles
ft ft/yr ft cy/yr cy/ft/yr ft ft ft ft ft ft ft ft ft cy
6 3,858 1.5 8 1,850 0.5 2,221 2,864 . 643 - 1,542 - 308
12 27,224 3.5 60 214,474 7.9 6,460 1,690 8,596 1,690 2,136 NC -84,364 -16,874 PS-1*&NC
14 1,850 1.5 75 7,794 4.2
15A 1,300 1.7 45 3,920 3.0
17 3,120 - 5 1,235 0.4 482 860 482 860 NC NC
21 2,155 1.2 10 1,133 0.8 397 1,184 397 1,184 NC IIC
23 2,887 2.3 20 5,109 1.8
33 12,260 - 3 138 0.1 1,771 2,877 2,588 2,030 816 -847 - 41- 8
34 6,007 2.8. 7 4,440 0.7 4,006 335 4,167 335 161 NC - 596 - 119 PS-2*
35 12,972 2.7 10 13,367 1.0 1,757 328 2,749 1,984 328 2,201 227 NC -548 - 3,837- 767
37 6,827 4.9 5 6,235 0.9
39 7,500 3.6 7 7,149 0.9 4,950 5,039 89 - 423 - 85
41 3,507 3.4 7 3,149 0.9 2,838 666 2,838 666 NC NC
...... 43 7,569 2.8 5 4,047 0.5 5,869 1,174 5,869 1,489 NC 315IJ1
45 4,970 1.5 5 1,428 0.3 3,005 0 591 2,696 305 404 -309 305 -187 + 464 + 93
46 6,093 4.2 5 4,m 0.8 643 643 NC
47 26,929 2.7 5 13,860 0.5 11,056 11,056 NC PS-3*
55 5,725 2.0 5 2,221 0.4 1,453 930 1,778 830 325 -100 - 650- 130PS-4*
57 5,440 3.7 5 3,778 0.7 3,684 345 4,039 237 355 -108 - 1,225- 245
59 2,243 2.7 5 1,138 0.5 323 323 NC
60 3,239 - 4 399 0.1
62 5,895 - 4 574 0.1 1,3832,327 1,492 2,218 109 -109 - 49- 10
63 942 - 4 274 0.3 292 651 628 315 336 -336 - 487- 97
64 1,970 3.7 4 1,116 0.6 901 451 901 451 NC NC
66 1,896 2.0 4 585 0.3 725 1,171 725 1,171 NC NC
69 2,079 4.0 5 1,603 0.8 962 962 NC
71 4,104 2.5 5 1,903 0.5 656 656 NC
72 3,931 10.6 6 9,504 2.4
73 6,925 5.7 7 10,433 1.5 5,120 5,120 NC
74 9,108 3.8 9 11,871 1.3 0 0 1,160 318 1,160 318 - '7,540- 1,508PS-5""
75 2,959 3.1 8 2,778 0.9 1,485 1,485 NC
76 44,183 4.9 10 80,913 1.8 10,20015,471 3,140 12,421 13,488 2,655 2,221-1,983 -485 - 20,322- 4,064PS-6&1*
PotomacRiver Total
32 245,752 423,195 1.7 72,31628,739 8,524 80,566 26,194 7,304 8,270-2,545-1,220 -120,613 -24,123
-
NC· Nochange
* Banksamplestakenfor this study.
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Figure 6. Potomac River map - reach 5 to reach 13; selected reaches in bold. Scale: 1 inch = 8400feet.
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Figure 8. Potomac River map - reach 45 to reach. 73; selected reaches in bold. Scale: 1 inch = 8400 feet.
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Rappahannock River
Seventy three (73) shoreline reaches were selected for final analysis
along the north and south shores of the Rappahannock River from just above
Tappahannock downstream to Windmill Point and stingray Point (Table 4). They
include shorelines along Richmond, Lancaster, Middlesex and Essex Counties
(Figures 12, 13, 14, 15, and 16). The analysis includes 445,857 feet (84.4
miles) of shoreline with an average annual sediment loading rate of 525,100
cy/yr or 1.2 cy/ft/yr. The average annual sediment loading rate for the south
"and north shores of the Rappahannock River is 1.4 cy/ft/yr and 0.8 cy/ft/yr,
respectively.
There was a slight increase of 108 feet in the groins only category for
the Rappahannock River subsystem. However, major losses in this category
occur along the south shore where bulkheads and rock revetments were installed
shoreward of groins. This trend was heavily implemented in reach number 70
and reach number 136. Groins only construction was seen mostly in reach
number 207 on the north shore.
The stable bank status showed a net increase by only 71 feet for the
subsystem. There was an increase in "naturally" stable banks of 331 feet for
the north shore and a decrease of 260 feet for the south shore.
The higher sediment loading rate for the south shore generally reflects
higher erosion rates. This is true for the south shores of the York and James
Rivers as well. The reason for the higher shoreline erosion rates on the
south shore of the main tributary estuaries of the Chesapeake Bay is that
being northward facing, they receive the brunt of the annual severe wave
action, especially during northeasters.
Sediment reduction from shoreline defense was estimated to be 164,071 cy
in 1990. This equates to a nutrient reduction of 151,278 lbs for total
nitrogen and 99,470 lbs for total phosphorous. The most critical reach is
number 74, with a sediment loading rate of 4.5 cy/ft/yr.
Figures 17, 18, 19, 20, and 21 show measured stratigraphic sections for
nine sites on the north shore and seven sites on the south shore. The
stratigraphic facies change in composition and bank height along the length of
the Rappahannock River. The variations in sand/silt/clay ratios and means
along each side of the river were weighted. The resulting sediment ratios for
the north side and south sides of the Rappahannock River are 70/11/19 and
76/9/15, respectively. These include one sampled bank from Ibison et a1.
(1990) for the north shore, Welford (WE), and three sampled banks from the
south shore, Canoe House Landing (CL), Rosegill Farm (RO) and Bush Park (BP).
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Table4. ShorelineParametersandChangesFrom1985to 1990for the RappahannockRiver Subsystem.
ShorelineStatus
SedimentVolune
1985 1990 Changein ShoreStatus Reducedby
Reach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
NU1berLength Rate Height Volune DefendedOnly Banks Defended Only Banks DefendedOnly Banks 5 yr 1 yr S8q)les
ft ft/yr ft cy/yr cy/ft/yr ft ft ft ft ft ft ft ft ft cy
SouthShore
50 25,518 2.3 20 44,020 1.7 4,688 128 1,263 6,640 128 1,263 1,952 NC NC -16,592 -3,318
51 7,713 2.4 4 2,679 0.4 4,364 4,364 NC
53 4,623 2.7 10 4,750 1.0 784 420 1,512 420 728 NC - 3,640 - 728
54 11,765 2.4 10 10,554 0.9 7,861 702 801 8,064 702 801 203 NC NC - 914 - 183
56 3,652 2.5 10 3,536 1.0 1,335 1,900 565 - 2,825 . 565
58 6,962 2.4 5 3,240 0.5 1,578 5,085 1,578 5,085 NC NC
61 8,560 1.5 4 1,894 0.2 6,214 1,890 6,670 1,890 456 NC - 456 - 92
63 3,540 - 7 708 0.2 1,519 1,985 466
64 2,972 2.2 4 1,091 0.4 1,066 1,909 1,066 1,904 NC NC - 466 - 93
65 2,536 1.5 5 744 0.3 1,332 1,332 NC
66 10,571 1.6 5 3,302 0.3 2,625 719 3,652 1,345 1,027 626 - 1,540 - 308 RS-8*
69 10,705 - 6 990 0.1 3,766 200 2,431 4,331 200 2,175 565 NC -256 - 283- 57 RS-5*
N 70 33,435 3.3 20 93,291 2.8 2,375 5,030 1,532 7,740 2,241 1,532 5,365-2,789 NC - 75,110-15,022 RS-7&4*w 72 2,717 2.5 20 5,326 2.0 1,424 1,424 NC
74 15,902 6.5 18 71,397 4.5 3,232 2,664 3,232 2,664 NC NC CL
82 6,000 0.5 6 6,603 0.9 1,890 1,768 2,192 1,768 305 NC - 1,385 - 277
85 4,728 2.1 7 2,643 0.6 390 390 NC RS-3*
87 3,202 2.6 10 3,273 1.0
88 8,825 1.8 10 6,194 0.7 RS-6*
92 6,955 2.0 7 3,744 0.5 3,031 4,403 1,372 - 3,430 - 686
95 1,811 3.3 10 2,292 1.3 292 292 NC
96 7,579 4.0 18 20,458 2.7 3,514 3,494 3,681 3,494 167 NC - 2,254 - 451
101 5,554 2.3 18 8,953 1.6 282 348 282 348 NC NC RO
103 466 1.5 10 269 0.6
104 725 1.6 5 286 0.4 351 351 NC
106 16,804 1.9 18 25,615 1.5 6,260 906 6,854 906 594 NC - 4,455 - 891 RS-2*
107 9,459 1.6 20 11,373 1.2 279 2,346 279 2,346 NC NC RS-1*
108 6,745 - 10 3,164 0.5 223 866 643
112 682 2.1 12 681 1.0 682 682 NC
114 3,012 1.5 5 613 0.2 774 774 NC
116 2,313 2.1 3 554 0.2
118 745 1.6 5 242 0.3 745 745 NC
120 3,360 1.7 5 1,074 0.3 0 95 95 - 142 - 28
123 2,493 2.2 5 1,084 0.4 2,493 2,493 NC
128 6,227 1.7 9 3,692 0.6 453 1,818 942 1,818 489 NC
130 3,304 1.6 8 1,595 0.4 1,171 545 948 545 - 223 NC
134 4,150 3.1 25 12,699 3.1 548 2,257 696 846 2,310 696 298 53 NC - 4,619 - 924 BP
136 6,585 3.5 14 12,327 1.8 1,467 2,598 587 2,995 1,482 587 1,528 -1,116 NC - 13,752- 2,750
138 2,382 4.3 10 4,013 1.7 1,988 394 2,172 210 184- 184 - 1,564 - 313
139 2,119 3.3 4 1,108 0.5 1,280 591 1,450 420 170 - 171 - 425 - 85
141 2,251 3.0 4 1,100 0.5 2,251 2,251 NC
144 12,543 6.1 4 11,565 0.9 9,062 951 1,355 9,623 390 1,355 561 - 561 NC - 2,524 - 505
Table 4 (cont'd.)
ShorelineStatus
SedimentVolune
1985 1990 Changein ShoreStatus Reducedby
Reach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
Nl.I1'berLength Rate Height Volune DefendedOnly Banks Defended Only Banks DefendedOnly Banks 5 yr 1 yr S&q:Iles
ft ft/yr ft cy/yr cy/ft/yr ft ft ft ft ft ft ft ft ft cy
SubtotalSouthShore
42 282,130 394,419 1.2 70,72517,721 40,571 87,377 14,480 40,310 16,601-3,241 -260 -136,366 -27,273
NorthShore
145 6,906 4.2 5 5,485 0.8 0 1,827 1,827 - 7,308-1,462
147 3,707 - 5 302 0.1 223 3,483 289 3,417 66- 66 - 33 - 7
149 2,201 1.1 6 508 0.2
158 5,456 2.7 10 5,524 1.0 3,632 183 3,632 183 NC NC
160 3,800 RN-9**
161 1,880 0.8 25 1,548 0.8 349 349 NC
163 4,488 1.7 10 3,045 0.7
165 3,415 1.5 20 3,910 1.1 430 1,075 645
169 5,846 1.6 7 2,539 0.4 2,625 659 3,284 0 659 -659 - 1,318- 264
172 2,953 1.1 6 7,699 0.3 1,263 1,926 663 - 994 - 199
173 1,558 0.9 7 414 0.3 348 348 NC
N 174 1,617 1.2 10 704 0.5 1,617 1,617 NC.p. 175 2,881 1.5 10 1,736 0.6 1,969 2,129 160 - 480- 96
178 3,465 1.6 10 2,152 0.6 226 1,329 1,103 - 3,309- 662 RN-1*
195 5,394 1.9 9 3,445 0.6 144 394 144 394 NC NC
199 3,714 1.5 12 2,582 0.7 479 830 351 - 1,228 - 246
200 2,769 1.2 12 1,620 0.6
207 12,287 2.8 18 34,503 1.8 1,654 206 2,510 2,048 856 1,842 - 7,704 -1,541 RN-2*
209 3,435 1.9 15 3,847 1.1 1,407 1,407 NC
211 3,730 1.7 10 2,002 0.7 350 100 496 100 146 NC - 511 - 102
213 6,598 1.6 12 264 0.1 2,690 1,024 2,848 1,024 158 NC - 32 - 6 RN-3*
215 1,624 1.4 6 536 0.3 899 437 899 437 NC NC
217 2,411 - 8 488 0.2 1,860 550 1,860 550 NC NC
228 1,693 - 5 44 0.1 184 1,693 1,509 - 226- 45
239 11,768 2.6 5 5,742 0.5 4,501 692 4,862 1,161 361 469 - 902 - 180 RN-7&4*
243 4,239 1.2 5 982 0.2 0 850 850 - 850- 170
245 7,231 2.1 5 2,887 0.4 2,802 2,979 171 2,431 2,772 171 -371 -207 NC + 742 + 148
247 10,226 2.0 5 3,896 0.4 1,453 2,234 1,453 2,234 NC NC
248 4,360 1.8 10 3,020 0.7 RN-6&8*
255 20,341 2.4 12 21,982 1.0 4,724 1,831 4,921 2,162 197 331 - 985 - 197 RN-5*&\lE
261 11,302 2.9 4 4,989 0.4 860 397 6,385 2,146 397 6,385 1,286 NC NC - 2,572 - 514
264 4,232 1.2 6 2,116 0.5 0 689 4,616 486 4,616 -203 - 11,540- 2,308
Subtotal NorthShore
31 163,727 130,571 0.8 35,76613,532 9,805 50,202 15,353 10,136 14,437 1,821 331 -27,705 -5,541
RaDDahannockRiver Total
73 445,857 525,100 1.17 106,49131,253 50,376 137,52929,841 50,446 31,038 108 71 -164,071 -32,814
NC=Nochange * Banksamplestakenfor this study. ** Sampletakenin reach160havingnoother data.
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Figure 12. Rappahannock River map - north shore reach 251 to reach 272, south shore reach 49 to reach 67;
selected reaches in bold. Scale: 1 inch =8400 feet.
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Figure 13. Rappahannock River map- north shore reach 225 to reach 255, south.shore reach 61 to reach 74;
selected reaches in bold. Scale: 1 inch =8400 feet.
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Figure 14. RappahannockRiver map- north shore reach 169 to reach 226, south shore reach 74 to reach 107;
selected reaches in bold. Scale: 1 inch = 8400fee~.
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Figure 15. Rappahannock River map - nprth shore reach 156 'to reach 202, south shore reach 106 to 136;
selected reaches in bold. Scale: 1 inch =8400 feet. . .
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Scale:' 1 inch =8400feet.
30
25
20
10
Feet
15
5
RN1
37/27/36
f.:::::::::::::::::.............................................
~ . . . . . . . ...................
I...........................
RNl-5
RNl-4
RNl-3
RNl-2
RNl-l
RN2
73/7/20
..........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.....................................................................................................................
RN2-8
RN2-7
RN2-6
RN2-5
RN2-4
RN2-3
RN2-2
RN2-1
RN3
71/4/25
imt~~;~]f:~1~r~~~t
II
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
.........
...................................................................................................
RN3-5
RN3-4
RN3-3
RN3-2
RN3-1
RN4
47/24/29
RN4-5
RN4-4
RN4-3
RN4-2
RN4-1
Figure 17. Rappahannock River bank s"tratigraphic sections with sample locations
for RNl, RN2, RN3, RN4.
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York River
Twenty nine. (29) reaches qualify for final analysis along the York River
estuary extending from West Point to the mouth of the York River between
Goodwin Island and Big Island (Table 5). These reaches lie in Gloucester and
King and Queen Counties on the north shore and York, James City and New Kent
Counties on the south shore (Figures 22, 23, and 24). The reaches cover
193,667 feet (36.6 mi) of shoreline that have a cumulative sediment loading
rate of 120,876 cy/yr which averages to 0.6 cy/ft/yr. The sediment loading
rate for the south shore is 0.9 cy/ft/yr while the sediment loading rate for
the north shore is 0.2 cy/ft/yr.
The total shoreline defended between 1985
results in a sediment reduction of 33,990 cy in
nutrient reduction rate of 31,353 lbs for total
total phosphorous.
and 1990 is 9,212 feet which
1990. This translates to a
nitrogen and 20,625 lbs for
There was a significant increase in the net shore footage of groin
fields, especially reach number 12 on the north shore. There the increase was
2,395 feet of shoreline containing groins only. Stable bank status decreased
by 2,306 feet over the course of the 5-year study period for the York River
subsystem.
Sediment composition along the York River is measured by four bank sites
sampled on the north shore and two on the south shore which includes one from
Ibison et al. (1990), Sycamore Landing (SL). Stratigraphic sections for the
sites in this study are seen in Figures 25 and 26. The south shore is, for
the most part, marsh shoreline. The average sand/silt/clay ratio is 75/9/16
for the north shore and 78/10/14 for the south shore. Several more bank sites
need to be sampled along the south shore to obtain a better representation of
the shoreline sediments.
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Table5. ShorelineParametersandChangesFrom1985to 1990for the YorkRiver Subsystem.
ShorelineStatus
SedimentVolune
1985 1990 Changein ShoreStatus Reducedby
Reach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
NlIIber Length Rate Height Volune DefendedOnly Banks Defended Only Banles DefendedOnly Banks 5 yr 1 yr SBq)les
ft ft/yr ft cy/yr cy/ft/yr ft ft ft ft ft ft ft ft ft cy
SouthShore
6 16,014 1.4 10 8,555 0.5 217 456 239 - 598 - 210 YS-1*
9 16,381 1.6 20 20,196 1.2 463 1,434 673 1,434 210 - 1,260 - 252 SL
12 8,353 2.6 10 2,447 0.3 955 0 1,890 955 2,395 702 NC 2,395'1,188
14 7,576 1.0 10 828 0.1 236 6,030 236 6,030 NC NC
15 4,144 1.3 10 2,039 0.5 1,047 1,047 NC
16 12,818 1.9 20 7,528 0.6 2,533 161 2,907 161 374 NC - 1,122 - 224
20 10,213 1.5 25 4,454 0.4 9,045 9,045 NC
25 5,226 0.7 40 7,795 1.4 2,700 0 814 3,300 100 814 600 100 NC - 4,200 - 840
26 11,296 1.6 35 24,934 2.2 7,257 994 7,257 994 NC NC
30 20,197 3.5 10 26,328 1.3 2,927 0 6,463 161 3,536 161 -22,984 -4,597
SubtotalSouthShore
w 10 112,214 105,077 0.9 26,3331,43410,936 31,292 4,090 9,748 4,959 2,656-1,188- 30,164- 6,033
NorthShore
51 9,685 1.9 4 2,774 0.3 1,962 820 1,175 2,474 820 1,175 512 NC NC - 768 - 154
57 5,500 1.4 5 1,470 0.3
59 2,037 0.7 12 628 0.3 997 338 1,447 338 450 NC
63 4,580 0.9 10 1,527 0.3 3,615 620 3,615 620 NC NC
65 2,805 0.6 10 610 0.2 1,808 358 1,808 358 NC NC
67 377 0.4 10 66 0.1 0 207 377 0 377 -207 - 188- 38
68 548 0.8 8 133 0.3 0 548 548 0 548 -548 - 822- 164
73 4,669 0.8 3 460 0.1 217 0 217 335 NC 335
88 4,193 0.4 3 212 0.1 0 453 453 - 226 - 45 YN-1*
89 6,240 1.4 5 1,741 0.3 2,900 3,419 519 - 778- 156
91 12,543 1.2 3 1,737 0.1 4,042 4,377 335 - 168- 34
92 2,200 1.2 3 289 0.1 374 210 374 0 NC -210 0
93 1,500 4.1 3 644 0.5 299 1,118 509 0 210 -1,118 - 525- 105
94 3,400 0.9 5 597 0.2 1,112 1,463 351 - 351- 70 YN-2*
95 3,400 - 10 0 0 1,017 692 1,545 692 528 NC 0 0
97 3,600 YN-3**
113 6,000 - 4 0 0 2,008 0 2,428 322 420 322 0 0
114 5,522 1.6 5 1,658 0.3 860 860 NC 0 0 YN-4*
119 6,253 0.8 6 1,253 0.2 778 778 NC 0 0
SubtotalNorthShore
19 81,453 15,799 0.2 20,992 3,832 3,251 25,245 3,974 2,133 4,253 142-1,118 - 3,826- 766
York River Totel
29 193,667 120,876 0.6 47,325 5,266 14,187 56,537 8,064 11,881 9,212 2,7'98-2,306 - 33,990- 6,798
NC · No change * Bank sBq)les taken for this study. ** Banksampletakenin reach97.
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James River
There are 40 reaches included in the final analysis for the James River
estuarine subsystem that cover 383,822 feet (72.7 mi) of shoreline (Table 6).
These shoreline reaches lie in Charles City and James City counties and the
City of Newport News on the north shore and Prince George, Surry and Isle of
Wight Counties on the south shore (Figures 27, 28, 29, and 30). The total
sediment volume loading rate of eroding banks is 1.1 cy/ft/yr for the south
shore and 0.2 cy/ft/yr for the north shore, resulting in an average for the
James River of 0.8 cy/ft/yr.
The amount of sediment prevented from entering the estuarine waters in
1990 totalled 40,736 cy as a result of an increase of 12,306 feet of shoreline
defended. This translates into a net reduction in nutrient loading of 37,576
lbs for total nitrogen and 24,707 lbs for total phosphorous.
There was also an increase in the shore footage of groins and stable
banks by 3,799 feet and 3,777 feet, respectively. The groins were installed
predominantly in reach numbers 196 and 197 on the south shore. There was a
noted increase in stable banks in reach number 341 on the north shore of 3,166
feet. .
There were five banks sampled on the north shore of the James River and
seven banks sampled on the south shore (Figures 31, 32, 33, and 34). Three
additional sites from Ibison et al. (1990), Pipsico Camp (PC), Chippokes State
Park (CH), and Mogarts Beach (MB), were included in the sand/silt/clay
analysis for the south shore. The sand/silt/clay ratio for the north shore of
the study area along the James River subsystem is 50/22/28 and 65/16/19 for
the south shore.
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Table6. Shoreline ParametersandChangesFrom1985to 1990for the JamesRiver Subsystem.
ShorelineStatus
SedimentVolune
1985 1990 Changein ShoreStatus Reducedby
Reach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
NUlber Length Rate Height Volune DefendedOnly Banks Defended Only Banks DefendedOnly Banks 5 yr 1 yr S8q)les
ft ft/yr ft cyIyr cy/ft/yr ft ft ft ft ft ft ft ft ft cy
SouthShore
172 6,011 1.3 20 6,012 1.0 514 630 514 630 NC NC
113 2,549 1.4 20 2,163 1.0 1,201 1,201 NC JS-4*
116 2,501 1.0 10 980 0.4
111 2,369 0.9 50 3,941 1.1
118 1,251 1.2 10 602 0.5
119 6,400 0.8 20 5,101 1.1 211 3,514 486 3,248 269 266 - 1,480 - 296
180 5,300 1.1 60 20,118 3.9 1,001 436 1,001 436 NC NC
182 20,203 1.2 60 50,320 2.5 951 558 4,032 1,198 558 4,032 241 NC NC - 3,088 - 618 PC
184 22,119 1.1 60 56,958 2.5 390 390 NC
185 10,900 1.1 10 4,104 2.3
181 11,118 1.1 10 4,612 0.4 1,214 531 4,131 1,388 531 4,131 114 NC NC - 348 - 10
188 13,560 1.1 8 4,829 0.4 401 1,201 401 1,201 NC NC
189 12,000 0.5 40 8,888 0.1 226 499 2,930 554 1,395 2,930 328 896 NC - 1,148 - 230 CHw 191 5,341 1.1 8 1,128 0.3
192 1,264 1.1 9 4,311 0.6 0 236 5,016 236 5,016 NC -15,048-3,010
196 9,101 1.1 3 1,853 0.2 0 568 1,683 568 1,683
191 11,139 2.8 3 2,508 0.2 0 1,860 1,860 JS-3*
199 8,800 1.6 3 1,601 0.2 164 925 164 925 NC NC
201 5,105 1.9 5 2,324 2.1 JS-2*
202 22,208 1.2 20 21,281 1.0 1,266 1,381 4,186 2,572 141 4,186 1,306 -640 NC - 6,530- 1,306JS-1*
203 1,949 0.4 20 518 0.3 1,021 1,021 NC
204 20,322 0.1 5 2,193 0.1 243 1,21110,411 620 1,21110,411 311 NC NC - 188 - 38 JS-1*
205 16,512 3.8 20 41,592 2.8 509 3,941 509 3,941 NC NC JS-6*&MB
208 6,191 3.1 25 1,311 1.2 2,966 3,343 311 - 2,262- 452
209 5,049 0.1 13 1,515 0.3 108 358 108 358 NC NC JS-5*
SubtotalSouthShore
25 231,800 266,561. 1.1 10,0459,92534,809 18,13913,72434,543 8,0943,199 -266 - 30,092- 6,020
NorthShore
250 10,643 0.9 25 8,872 0.8 1,831 199 8,160 1,016 929 811 - 3,116 - 143
254 5,968 0.4 15 1,329 0.2 4,163 1,152 4,268 1,152 105 NC - 105 - 21
256 9,511 0.9 20 6,381 0.1 4,452 119 230 6,001 119 230 1,549 NC NC - 5,422 - 1,084
216 4,045 2.6 3 1,218 0.3 1,031 564 1,031 564 NC NC
211 6,726 0.1 3 580 0.1 6,118 6,118 NC
291 9,341 1.2 5 2,131 0.2 IN-3*
293 23,015 0.1 30 2,551 0.1 5,646 965 6,431 6,526 965 6,431 880 NC NC - 440 - 88 IN-2*
296 1,491 0.1 3 599 0.1 814 814 NC
Table6 (cont'd.)
ShorelineStatus
SedimentVolune
1985 1990 ChangeIn ShoreStatus Reducedby
Reach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
NUlber Length Rate Height Volune DefendedOnly Banks Defended Only Banks DefendedOnly Banks 5 yr 1 yr Sles
ft ft/yr ft cy/yr cy/ft/yr ft ft ft ft ft ft ft ft ft cy
304 2,569 1.2 5 584 0.2 2,569 2,569 NC
307 28,000 0.4 10 4,148· 0.2 IN-1*
338 4,380 1.9 5 1,560 0.4 364 755 391 - 782- 156
340 2,497 1.1 5 538 0.2 1,883 614 1,883 614 NC NC
341 7,001 0.5 8 1,037 0.2 1,562 0 1,562 3,166 NC 3,166 IN-4*
343 7,096 0.4 10 1,012 0.1 1,m 1,m NC IN-5*
345 17,661 0.3 10 1,949 0.1 0 1,880 358 1,880 358 NC - 179 - 36
SubtotalNorthShore
15 146,022 34,495 0.2 36,499 2,836 11,696 40,711 2,836 15,739 4,212 NC 4,043 -10,644 -2,128
JamesRiver Total
40 383,822 301,062 0.8 46,54412,761 46,505 58,850 16,560 50,282 12,306 3,799 3,777 -40,736 -8,148
NC = No change. Banksles takenfor this study.
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Western Shore
The Western Shore ~ubsystem extends along the western shore of the
Chesapeake Bay from Old Point Comfort northward along Hampton, across the
mouths of the York River, Mobjack Bay and Rappahannock River to Smith Point at
the mouth of the Potomac River. This subsystem includes the bay shorelines of
the City of Hampton and the Counties of York, Gloucester, Mathews, Middlesex,
Lancaster and Northumberland (Table 7 and Figures 35, 36, and 37). There are
15 reaches involved in the final iteration covering 113,313 feet (21.5 mi)
with a sediment volume loading rate of 157,089 cy/yr. This comes to 1.4
cy/ft/yr.
The amount of sediment volume reduced by shoreline defenses in 1990 is
26,191 cy. This is a reduction in nutrient loading of 24,159 lbs for total
nitrogen and 15,886 lbs for total phosphorous.
There were few sediment banks sampled due to the predominance of marsh
shoreline. Figure 38 shows sections for two sites included in this study.
Two additional sites from Ibison e~ al. (1990), Fleet's Island (FI) and
Chesapeake Beach (CB), were included in the evaluation of the composite
sand/silt/clay ratio for the Western Shore. Bank Pi-1 is at the mouth of the
Piankatank River and is included in this analysis. The sand/silt/clay ratio
for the Western Shore subsystem is 63/21/16.
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Table7. ShorelineParametersandChangesFrom1985to 1990for the ChesapeakeBayWesternShoreSubsystem.
ShorelineStatus
SedimentVolune
1985 1990 Changein ShoreStatus Reducedby
!ach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
II1berLength Rate Height Volune DefendedOnly Banks Defended Only Banks DefendedOnly Banks 5 yr 1 yr Sales
ft ft/yr ft cy/yr cy/ft/yr ft ft ft ft ft ft ft ft ft cy.
;26 18,420 7.1 5 24,510 1.3 7,051 3,672 420 7,677 3,672 420 626 NC NC - 4,069 - 814 WS-1*
;28 17,323 7.9 7 35,711 2.0 1,309 1,335 2,766 784 1,457 -551 - 14,570- 2,950FI
;31 4,721 5.6 6 6,047 1.3 3,156 243 3,156 243 NC NC
,34 3,025 6.0 5 3,416 1.1 830 830 NC
;36 4,629 6.6 5 5,806 1.2
,42 15,400 5.2 6 18,211 1.2
49 10,079 2.0 5 3,887 0.4
,52 4,455 3.0 7 3,537 0.8
61 1,243 2.4 10 1,098 0.9 653 640 -13 + 58 + 12
64 2,411 7.1 5 3,127 1.3 1,890 253 1,890 253 NC NC
\J1 66 2,861 3.4 6 2,237 0.8 1,201 1,499 298 - 1,192 - 238
.1:-0 69 3,802 2.4 10 3,379 0.9 1,253 220 1,657 220 404 NC - 1,818 - 364
08 5,105 3.4 5 3,289 0.6 1,808 1,306 1,808 1,306 NC NC
10 18,786 6.1 10 42,451 2.3 1,988 7,507 2,388 8,241 400 734 - 4,600 - 920 CB
11 1,053 1.1 8 383 0.4 1,053 1,053 NC
esapeakeBavWesternShoreTotal ...
15 113,313 157,089 1.4 21,13914,283 1,726 24,311 14,466 1,726 3,172 183 NC -26,191 - 5,238
=Nochange
Banksales takenfor this study.
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Eastern Shore
The reaches. evaluated along the Eastern Shore subsystem of the
Chesapeake Bay are on the bay shorelines of Northampton and Accomack Counties
and extend from Cape Charles northward to Occohannock Creek and include Saxis
(Table 8 and Figures 39, 40, 41, and 42). The shoreline from Occohannock
Creek to saxis is marsh. There are 19 reaches included in the final analysis
which involve 140,775 feet (26.7 mi) of shoreline with an annual sediment
volume loading rate of 112,801 cy/yr at 0.8 cy/ft/yr.
There was a reduction in sediment volume by defended shoreline of 17,672
cy for 1990. This equates to a reduction in nutrient loading of 16,301 Ibs
for total nitrogen and 10,718 Ibs for total phosphorous.
Figure 43 shows the stratigraphic relationship of the three sites
sampled in this study. Two additional sites from Ibison at a1. (1990), Silver
Beach (SB) and Tankards Beach (TB,) were used to get a weighted sand/silt/clay
ratio of 80/10/10 for the upland banks along the Eastern Shore subsystem.
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Table8. Shoreline Parametersand ChangesFrom1985to 1990for the ChesapeakeBay Eastern Shore Subsystem.
Shoreline Status
SedimentVolune
-
1985 1990 Changein ShoreStatus Reducedby
Reach Reach Erosion Bank ErodedSediment Groins Stable Groins Stable Groins Stable DefendedShore Sediment
Nurber Length Rate Height Volune DefendedOnly Banks Defended Only Banks DefendedOnly Banks 5 yr 1 yr SalJ1)les
ft ft/yr ft cy/yr cy/ft/yr ft ft ft ft ft ft ft ft ft cy
46 9,551 4.9 3 5,326 0.6 686 2,156 686 2,156 NC NC
147 3,786 4.0 4 2,264 0.6 1,070 1,070
149 2,201 1.8 5 803 0.4
151 9,799 5.0 4 7,269 0.7 1,289 180 2,430 180 1,141 NC - 3,994 - 799
152 10,236 5.7 9 19,440 1.9 1,457 2,093 856 1,719 2,093 0 262 NC -856 - 2,489- 498 ES-2*&SB
154 5,692 2.3 9 4,505 0.8 2,175 2,175 NC
155 3,392 1.7 9 1,960 0.6 0 988 988 - 2,964- 593 ES-1*
157 3,976 0.7 10 1,101 0.3 2,190 2,190 NC
159 10,728 1.8 10 7,314 0.7 4,344 4,344 NC
166 4,833 3.0 10 5,431 1.1 0 344 3,100 1,138 0 3,100 1,138 -344 NC - 6,259- 1,252
0- 170 7,221 3.6 8 7,936 1.1 666 961 446 1,555 961 1,063 889 NC 617 - 4,890 - 978
0 171 7,041 7.0 8 14,737 2.1 164 164 NC TB
172 6,330 2.5 7 4,233 0.7 4,626 4,626 NC
173 4,462 3.2 7 3,770 0.8 3,907 3,907 NC
184 16,713 1.4 5 4,661 0.3 8,904 8,904 NC
186 2,087 0.9 7 476 0.2 2,087 2,087 NC
187 7,077 2.9 3 2,345 0.3 2,533 2,533 NC
194 16,900 2.3 3 4,454 0.3 8,m 8,m NC ES-3*
197 8,750 2.5 25 14,776 1.7 1,247 2,628 1,247 2,628 NC NC
ChesapeakeBavEasternShoreTotal
19 140,775 112,801 0.8 14,413 3,578 40,891 18,831 3,234 40,652 4,418 -344 -239 - 17,672- 3,534
NC· Nochange
* BanksalJ1)lestakenfor this study.
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Figure 41. Eastern Shore map- reach 154 to reach 184; selected reaches in bold.
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Figure 42. Eastern Shore map - reach 180 to reach 201; selected reaches in bold.
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VII. Discussion
The 208 shoreline reaches selected in this report represent 383 miles
out of the approximately 2005 miles of primary tidal shoreline analyzed. The
remaining 1622 miles are mostly marsh, spits, and dune/beach shoreline. Byrne
and Anderson (1978) evaluated 3000 miles of shoreline that included most of
the remaining small tributary creeks and rivers. The 383 miles of eroding
fastland'banks are the reaches most affected by wave forces and shoreline
erosion in the Chesapeake Bay estuarine system. Fastland banks, once eroded,
provide the major portions of sand and gravel to the beaches, spits and shoals
along the estuarine shores. The silts and clays are carried offshore and
accumulate in the nearshore and chaonels where they become resuspended by wave
action and tidal currents.
The physical presence of sediments in the various beach and offshore
regimes create characteristics of the local sedimentary environments. The
sediment environment will affect in part the abundance and distribution of
marine resources such as oysters, clams, subaquatic vegetation and other
benthos.
Nutrients (in particular, nitrogen and phosphorous) that adhere to
sediments in the fastland bank sediments are released into the baywaters after
the banks are eroded. This will occur on a regional scale during a prolonged
storm event with the associated high water levels (storm surge) and increased
wave intensities against the shoreline. The nutrients released from shoreline
erosion become suspended in the water column and add to the total amount of
non-point nutrient loading from other sources.
The evaluation of sediment and nutrient loadings from shoreline erosion
in recent studies, including this one, has been done on a broad scale, that is
over 2000 miles of shoreline in seven subsystems of the Chesapeake Bay ,
estuary. Therefore, some assumptions must be made. The sand/silt/clay ratios
portrayed in this study for each subsystem are based on widely spaced sampling
sites. However, every effort was made by the authors to select the most
representative sites given the exposed stratigraphy and with consideration of
time and budgetary constraints. .
The average nutrient loading rates were based on the analysis of the
same 263 samples that were analyzed for grain size distribution and are
presented in Ibison et al. (1992). One interesting result of that study is
they found high concentrations of total nitrogen in both active farmland and
woodland sites. This may be explained by different nitrogen species making up
the total for each type of land use. However, given the scale of the
application using the averages for total nitrogen and phosphorous seems
adequate at this time.
Table 9 is the summary tabulation for the Bank Erosion study. The
eroded sediment volume loading rate for all the subsystems analyzed averages
to 0.8 cy/ft/yr. The sediment volume loading rates for south shores of the
river subsystems (Rappahannock, York and James Rivers) are 2 to 5 times those
of the north shores. The Virginia side of the Potomac River (i.e. the south
shore) has about 3.5 times the sediment volume loading rate than the north
shore on the Maryland side (Miller, 1983). The sediment volume loading rate
for the. Western Shore is almost twice that of the Eastern Shore. These trends
are due in part to the southern shorelines of the rivers and the Western Shore
being directly exposed to northeast storm conditions.
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Table 10. List of Severely Eroding Reaches with Sediment Volume Loading
2.0 cy/ft/yr.
Reach Erosion Bank Eroded " Defended
Subsystem Number Rate Height Volume by 1990
ft/yr ft cy/ft/yr "
Potomac River 12 3.5 60 7.9 32
14 1.5 75 4.2 0
15A 1.7 45 3.0 0
72 10.6 6 2.4 0
Rappahannock River 70 3.3 20 2.8 23
72 2.5 20 2.0 0
74 6.5 18 4.5 20
96 4.0 18 2.7 49
134 3.1 25 3.1 20
York River 26 1.6 35 2.2 64
James River 180 1.7 60 3.9 19
182 1.2 60 2.5 6
184 1.1 60 2.5 0
185 1.1 10 2.3 0
201 1.9 5 2.7 0
205 3.8 20 2.8 3
Western Shore 328 7.9 7 2.0 16
410 6.1 10 2.3 13
Eastern Shore 171 7.0 8 2.1 2
VIII. Conclusions
1. The 383 miles of fastland banks comprising the selected reaches (208) in
this study are 13' of the 3000 miles reported by Byrne and Anderson,
1978 but are responsible for 61' of the annual historic sediment volume
loading. In 1990 sediment loading from fastland bank erosion had been
reduced by shoreline hardening by about 400,000 cy.
2. In terms of erosion rates and sediment volume input, shoreline erosion
is more severe along the south shores of the estuarine subsystems and
the western shoreline of the Virginia Chesapeake Bay (2 to 5 times).
3. In 1990 nutrient loading from fastland bank erosion had been reduced by
shoreline hardening by approximately 372,900 Ibs for total nitrogen and
244,550 Ibs for total phosphorous.
4. For the 383 miles analyzed defended shorelines totaled about 58 miles in
1985 and about 71 miles in 1990 an increase of 18'.
5. Nineteen reaches have been identified as significant contributors of
eroding bank sediments and will require further assessment as to the
impacts of nutrient loading.
Other Products
OVerlay Maps
A series of overlay maps were produced from the digitized mylar topos.
These maps are entitled the VIHS Overlay Hap Series (1985-1990) (Hardaway e~
al., 1991b), made at a scale of 1:24,000 and created in the CCI. A volume of
data sheets accompanies the map series in a volume entitled the Reach/Hap Code
Book which also includes a users guide to the overlay maps and data sheets for
each topographic quadrangle. The code book contains the codes for shoreline
condition and structure as well as land use and ownership for each of the 65
topographic maps for 1985 and 1990. Both the maps and data sheets (code book)
are available as digital files in the Arc/Info format.
The map series allows the user to evaluate the changes in both land use
and shore structure type and the status of the unprotected fast land (i.e.
stable or unstable) as to their position along the shoreline. The degree of
error on position of coded map parameters is +/- 100 feet. Details of the map
parameters are in the code book.
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APPENDIX A
Sediment Analysis, 46 Bank Sites, 263 Sampl~s
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Sample , Clay , Silt , Sand , Gravel--------------------------------------------------
ES1 1 9.9 5.4 84.7 0.0
ESl-2 6.1 2.5 91.4 0.0
ES1 3 18.9 13.8 67.3 0.0
ESl-4 31.6 32.8 35.6 0.0
ES1 5 9.9 30.6 59.5 0.0
ES2 1 4.9 1.5 93.6 0.0
ES2 2 7.6 0.9 91.5 0.0
ES2 3 7.5 0.7 67.4 24.4
ES2 4 22.8 37.2 40.0 0.0
ES2 5 9.4 28.3 61.8 0.5
ES3-1 13.1 8.6 78.0 0.3
ES3-2 20.7 31.8 47.5 0.0
ES3 3 10.6 29.3 60.1 0.0
ES3 4 2.9 0.4 96.7 0.0--------------------------------------------------
JN1 1 4.7 5.0 90.3 0.0
JNl-2 22.9 19.7 57.3 0.1
JN1 3 41.8 28.0 30.0 0.2
JN2-1 43.5 23.0 27.0 6.5
JN2 2 14.1 29.1 55.7 1.1
JN2-3 44.0 19.6 36.2 0.2
JN2-4 16.7 19.1 62.2 2.0
JN2 5 43.7 24.3 32.0 0.0
JN2-6 25.3 6.3 68.1 0.3
JN2 7 68.1 28.9 2.9 0.1
JN2 8 71.9 26.5 1.6 0.0
JN3 1 69.5 21.3 8.8 0.4
JN3-2 21.9 35.2 42.9 0.0
JN3 3 7.6 4.9 87.5 0.0
JN3 4 43.1 28.0 28.9 0.0
JN3-5 28.3 20.2 51.3 0.2
JN3 6 46.4 45.1 8.4 0.1
JN3 7 46.2 42.0 11.8 0.0
JN3 8 28.0 60.3 11.5 0.2
JN4 1 18.9 24.1 56.9 0.1
JN4-2 22.5 18.0 59.5 0.0
JN4 3 41.0 43.4 15.6 0.0
JN4 4 35.9 45.4 18.7 0.0
JN4 5 20.9 52.7 25.3 1.1
JN5 1 0.8 0.6 96.5 2.1
JNs-2 3.7 4.0 92.3 . 0.0
JNs 3 28.0 31.7 40.3 0.0
JNs 4 24.3 11.5 63.8 0.4
JN5 5 26.0 22.0 51.7 0.3
JNs-6 7.3 28.6 63.8 0.3
--------------------------------------------------
JS1 1 36.8 53.5 9.7 0.0
JS1 2 27.8 27.5 44.7 0.0
JS1 3 17.3 23.9 58.7 0.1
JSl-4 49.0 34.7 11.3 5.0
JS1 5 41.8 29.9 27.4 0.9
JSl-6 50.3 23.9 24.9 0.9
- - " -
Sample , Clay , Silt , Sand , Gravel
JS2 1 3.7 0.8 93.4 2.1
JS2-2 3.6 0.8 54.8 40.8
JS2-3 7.2 1.1 91.7 0.0
JS2-4 24.0 23.2 52.5 0.3
JS2-5 42.1 50.1 7.8 0.0
JS2-6 19.6 10.3 69.5 0.6
JS2-7 21.9 10.4 63.7 4.0
JS2-8 51.3 23.5 25.2 0.0
JS2-9 62.8 29.4 7.8 0.0
JS2 10 26.3 41.6 31.1 1.0
JS3-1 32.2 32.0 35.7 0.1
JS3 2 11.6 43.0 45.4 0.0
JS4-1 3.3 1.1 95.3 0.3
JS4-2 21.2 24.4 54.4 0.0
JS4 3 47.6 39.8 11.9 0.7
JS4-4 37.9 44.7 17.4 0.0
JS4 5 11.5 49.9 38.0 0.6
JS5-1 29.9 47.8 22.3 0.0
JS5:2 30.4 28.4 41.2 0.0
JS5 3 9.3 8.9 81.8 0.0
JS5-4 2.6 0.7 96.7 0.0
JS5 5 19.8 10.3 69.9 0.0
JS5-6 16.5 14.3 68.7 0.5
JS5 7 4.7 44.0 50.5 0.8
JS6-1 13.7 24.0 56.9 5.4
JS6-2 13.1 24.5 61.6 0.8
JS6 3 12.4 17.8 67.8 2.0
JS6-4 16.6 16.7 66.7 0.0
JS6 5 25.2 14.9 59.8 0.1
JS66 11.9 22.5 65.2 0.4
JS6-7 13.4 23.8 60.3 2.5
JS7 1 8.6 19.5 71.9 0.0
JS7-2 41.2 6.7 52.1 0.0
JS7 3 40.1 11.2 48.7 0.0
JS7-4 16.9 3.5 79.5 0.1
JS7-5 14.1 3.9 81.5' 0.5
JS7-6 40.2 24.2 35.5 0.1
JS7 7 33.4 14.7 51.9 0.0
JS7 8 12.9 25.3 35.5 26.3
JS7-9 23.1 35.4 39.2 2.3
JS7 10 20.3 26.1 52.4 1.2--------------------------------------------------
PIl 1 12.1 8.0 79.8 0.1
PI1 2 10.8 3.0 86.2 0.0
PIl-3 24.2 17.1 58.1 0.6
PI1 4 14.4 27.2 55.6 2.8--------------------------------------------------
PS1 1 15.3 32.8 50.8 1.1
PSl-2 16.3 14.9 68.8 0.0
PSl-3 24.1 4.9 70.8 0.2
PSl-4 34.8 18.9 45.1 1.2
PSl-5 28.4 19.6 48.2 3.8
PSl-6 16.3 51.6 31.9 0.2
PSl-7 13.5 28.5 58.0 0.0
-- -- -
Sample , Clay , Silt , Sand , Gravel
PS2 1 5.0 3.6 91.2 0.2
PS2:2 45.0 11.5 43.4 0.1
PS2 3 12.1 4.2 80.3 3.4
PS2:4 7.5 1.6 90.4 0.5
PS2 5 18.7 3.3 77.7 0.3
PS2-6 20.2 36.1 42.1 1.6
PS3 1 32.7 20.8 39.7 6.8
PS3 2 12.1 1.3 86.5 0.1
PS3-3 33.6 33.0 32.9 0.5
PS3 4 20.2 26.6 51.3 1.9
PS3-5 7.6 1.0 91.3 0.1
PS3-6 24.8 35.3 39.9 0.0
PS4-1 57.4 24.1 18.5 0.0
PS4-2 65.5 21.0 13.4 0.1
PS4-3 26.2 6.8 66.6 0.4
PS4:4 18.8 30.7 49.6 0.9
PS5 1 12.0 2.4 83.3 2.3
PS5-2 40.8 33.9 24.6 0.7
PS5-3 9.6 1.9 84.1 4.4
PS5 4 9.5 29.3 58.0 3.2
PS6-1 1.0 0.3 97.0 1.7
PS6 2 15.1 2.9 81.8 0.2
PS6:3 8.6 3.0 88.2 0.2
PS6 4 34.5 32.6 32.8 0.1
PS6-5 13.5 42.5 44.0 0.0
PS7-1 17.7 6.7 75.6 0.0
PS7 2 1.5 0.7 97.5 0.3
PS7-:3 11.7 9.3 78.4 0.6
PS7-4 25.8 41.2 32.9 0.1
PS7 5 21.1 55.6 23.3 0.0--------------------------------------------------
RN1 1 34.6 29.7 35.7 0.0
RNl-2 4.1 2.5 85.9 7.5
RNl 3 55.8 36.5 7.7 '0.0
RNl-4 21.5 13.2 65.2 0.1
RNl 5 12.6 26.2 61.2 0.0
RN2-1 14.4 4.3 77.2 4.1
RN2-2 12.7 2.3 85.0 0.0
RN23 21.0 8.2 70.8 0.0
RN2-4 2.6 0.9 64.8 31.7
RN2 5 4.0 1.7 90.0 4.3
RN2-6 20.0 11.0 69.0 0.0
RN2-7 10.1 21.1 68.5 0.3
RN28 10.3 23.9 65.5 0.3
RN3-1 1.0 0.8 97.5 0.7
RN32 45.6 24.1 28.8 1.5
RN3-3 3.8 1.3 94.9 0.0
RN34 17.7 7.2 75.0 0.1
RN3-5 8.7 22.9 68.3 0.1
RN4-1 20.7 20.2 59.0 0.1
RN42 53.4 33.1 13.5 0.0
RN4-3 23.1 18.1 58.7 0.1
RN44 27.7 20.5 48.5 3.3
RN4-5 11.5 29.7 58.6 0.2
Sample , Clay , Silt , Sand , Gravel
RN5 1 24.4 31.7 43.9 0.0
RN5:2 0.7 0.5 81.0 17.8
RN53 2.7 0.5 94.2 2.6
RN5-4 64.2 19.2 16.0 0.6
RN5 5 23.0 13.4 62.3 1.3
RN6-1 5.5 3.4 91.0 0.1
RN6-2 23.9 9.1 66.9 0.1
RN6-3 11.2 25.5 62.6 0.7
RN6-4 6.3 22.9 70.4 0.4
RN7 1 20.7 35.1 44.2 0.0
RN7-2 19.7 19.5 60.7 .0.1
RN7-3 9.0 20.2 70.8 0.0
RN8-1 1.9 1.8 95.7 0.6
RN8-2 2.1 1.5 95.0 1.4
RN83 23.3 15.1 61.6 0.0
RN8-4 10.2 21.3 68.4 0.1
RN91 10.5 1.3 88.0 0.2
RN9-2 13.3 24.0 62.7 0.0
RN9-3 5.6 0.9 93.5 0.0
RN9-4 4.8 0.6 94.4 0.2
RN9-5 8.0 0.8 91.2 0.0
RN9-6 18.0 7.4 73.8 0.8
RN9-7 3.7 1.2 95.0 0.1
RN98 4.1 0.5 78.6 16.8
RN9-9 2.6 0.1 97.1 0.2
RN9-10 3.4 0.4 55.1 41.1
RN9 11 5.8 1.0 92.9 0.3
RN9-12 31.2 26.4 42.4 0.0
--------------------------------------------------
RSl 1 5.9 1.9 58.4 33.8
RSl-2 6.9 1.5 90.9 0.7
RS1 3 28.4 14.5 54.7 2.4
RSl-4 38.1 23.0 38.6 0.3
RS15 15.3 8.6 75.7 0.4
RSl-6 22.0 9.3 68.7 0.0
RSl 7 30.5 16.0 53.5 0.0
RS1-8 13.7 23.2 63.1 0.0
RS2-1 10.2 4.8 79.5 5.5
RS2-2 8.2 4.6 87.1 0.1
RS2-3 10.2 2.9 86.8 0.1
RS2 4 20.8 5.2 74.0 0.0
RS2-5 28.5 7.5 64.0 0.0
RS2-6 23.5 3.0 73.3 0.2
RS3 1 5.0 0.7 94.1 0.2
RS3-2 19.8 14.0 66.2 0.0
RS3 3 36.9 1.6 61.5 0.0
RS4-1 9.9 8.7 74.4 7.0
RS4 2 61.3 36.4 2.3 0.0
RS4-3 51.0 46.9 1.9 . 0.2
RS4-4 60.1 24.5 8.4 7.0
RS4 5 34.6 17.7 47.6 0.1
RS4-6 30.7 7.1 62.2 0.0
RS4 7 14.5 27.0 58.1 0.4
RS5-1 0.8 0.4 98.7 0.1
Sample %Clay %Silt % Sand % Gravel
RS5 2 0.9 0.4 98.3 0.4
RS5 3 7.3 7.9 84.8 0.0
RS5 4 20.5 10.3 69.2 0.0
RS5-5 2.8 1.2 96.0 0.0
RS5 6 10.3 24.5 65.2 0.0
RS6-1 55.5 37.0 7.5 0.0
RS6-2 53.9 26.7 18.5 0.9
RS6-3 18.9 8.5 72.5 0.1
RS6-4 13.6 23.1 62.8 0.5
RS6-5 17.9 20.9 61.2 0.0
RS7-1 4.0 0.6 94.4 1.0
RS7 2 11.9 15.4 72.0 0.7
RS7-3 5.0 1.9 87.8 5.3
RS7-4 3.3 1.3 95.3 0.1
RS7 5 5.8 2.2 91.9 0.1
RS7-6 4.1 1.0 94.5 0.4
RS7 7 20.3 9.0 70.6 0.1
RS7-8 2.9 0.5 95.1 1.5
RS7-9 8.6 17.6 73.6 0.2
RS8 1 4.7 1.6 93.4 0.3
RS8-2 3.1 . 1.1 95.4 0.4
RS8 3 1.0 0.4 96.2 2.4
RS8-4 64.6 20.3 13.9 1.2
RS8 5 14.2 7.4 78.3 0.1--------------------------------------------------
WSl 1 17.8 34.1 47.9 0.2
WSl 2 13.0 30.8 56.1 0.1--------------------------------------------------
YNl 1 6.1 4.1 89.8 0.0
YNl-2 29.4 19.0 51.6 0.0
YNl-3 6.1 17.3 76.5 0.1
YN2 1 40.6 18.0 40.5 0.9
YN2-2 33.4 24.4 42.2 0.0
YN2 3 3.0 0.8 94.2 2.0
YN2-4 3.3 2.7 93.6 0.4
YN2 5 67.4 26.1 6.4 0.1
YN2-6 37.5 19.1 33.4 10.0
YN2-7 35.4 12.9 51.0 0.7
YN2 S 7.4 2.0 90.6 0.0
YN2-9 7.7 2.2 90.1 0.0
YN2-10 7.8 17.9 74.2 0.1
YN3-1 10.9 7.2 81.9 0.0
YN3-2 11.9 6.1 S1.7 0.3
YN3-3 1.7 0.2 98.0 0.1
YN3-4 2.4 0.2 95.4 2.0
YN3 5 7.0 3.0 86.5 3.5
YN3-6 20.2 12.4 67.4 0.0
YN3 7 10.9 1.4 87.7 0.0
YN3-S 7.1 16.5 75.6 0.8
YN4-1 26.2 14.1 59.7 0.0
YN4 2 10.7 31.6 57.7 0.0--------------------------------------------------
YS1 1 5.6 8.4 84.5 1.5
YSl-2 40.6 24.7 15.2 19.5
--
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